Figure 1. PKA Inhibition during Conditioning Affects Long-Term Memory
At 20 min before (A) or 10 min after (B) conditioning, animals were injected with 1 l PBS or 1 l PBS containing 500 M RpBrcAMPS. Animals received either single-trial conditioning or three-trial conditioning with an intertrial interval of 2 min. At different times after conditioning, the probability of the CS eliciting PER was tested. Each data point represents the PER of n animals as indicated. Only LTM induced by three conditioning trials at days 1 through 3 is impaired by PKA inhibition during conditioning (*p Ͻ 0.05, 2 test).
into the hemolymph before or after single-and multiple-2, different conditioning procedures that induce different memories also lead to different temporal dynamics in trial conditioning. Measurements of the PKA activity in the brain were used to achieve a transient, maximal PKA PKA activation in the AL. Compared to an unstimulated control group, a single CS/US forward pairing leads to inhibiton. Injection of 1 l of 500 M RpBrcAMPS at a total body weight for the bee of approximately 120 mg a transient increase in PKA activity, which returns to basal levels 60 s after the conditioning trial ( Figure 2A ). leads to 25% Ϯ 10% (n ϭ 8) inhibition of PKA activity 20 min after application. At 40 min after injection, no This transient elevation of PKA activity is significantly prolonged after the third CS/US forward pairing (ininhibitory effect on PKA activity was detectable.
Only RpBrcAMPS injection before learning, and thus tertrial interval of 2 min). The temporal dynamics of PKA activation induced by a single US/CS backward pairing PKA inhibition during conditioning, leads to a specific impairment of multiple trial-induced LTM (eLTM, 1-2 or by three US/CS backward pairings are similar to each other but differ from that obtained after a single forward days; lLTM, 3 days). Multiple trial-induced MTM as tested 3 hr after conditioning ( Figure 1A ) is unaffected. Inhibition of PKA during learning does not affect single trial-induced memory at any time tested ( Figure 1A ). that the NO-induced increase in PKA activity ‫)%52ف(‬ in cAMP. Using these parameters, single-trial conditioning, followed by local uncaging of cGMP in the ALs, the ALs is most likely mediated via cGMP by a direct activation of PKAII. According to in vitro measurements leads to a conditioned PER (3 days) significantly higher than after single-trial conditioning without flashes (Figusing purified PKAII (Altfelder and Mü ller, 1991), a 20% increase in PKA activity can be achieved by less than ure 6B). The PER tested 3 hr after single-trial conditioning does not differ between the two caged cGMP-100 nM cGMP, a concentration conceivable in vivo. However, the involvement of cyclic nucleotide-gated injected groups. This suggests that in the ALs, cGMP can mimic the function of cAMP with respect to LTM channels cannot be excluded (Kingston et al., 1999) .
induction. Surprisingly, local uncaging of NO in the ALs after single-trial conditioning leads to a significant re-NO/cGMP-Mediated Mechanisms Are Required duction of conditioned PER tested at 3 days after condifor LTM Formation tioning ( Figure 6B) . However, the PER tested 3 hr after The identification of potential components implicated conditioning is also significantly reduced in the caged in the NO-modulated PKA activation within isolated ALs NO-injected group treated with light flashes (p Ͻ 0.05, raises the question of whether this cascade is also in-2 test). Thus, it is likely that photorelease of NO within volved in LTM formation. Due to the fact that mechanical the entire AL interferes with a yet unknown specific funcinjuries caused by local injections into the ALs strongly tion of NO during conditioning. None of the treatments impair olfactory conditioning, the various inhibitors were affected the spontaneous response to the CS (Table 2) . injected systemically. In all cases, the single trialinduced memory tested 3 days after conditioning is unaffected by the inhibitors used ( Figure 6A conditioning trials lead to more specific responses (Menzel, 1990 ) and thus may be based on more specific synaptic plasticity. The latter may be due to a Hebbian Implication of the NO/cGMP System mechanism of pre/postsynaptic activity detection. It has in the Induction of LTM been proposed that such a mechanism may also be It is conspicuous that both the formation of multiple essential for invertebrates and that NO may play a centrial-induced LTM (Mü ller, 1996) ( Figure 6A) (Mü ller, 1997b).
Requirements for the Induction of Long-Lasting

0.05, t test).
Neuronal Changes
Preparation and Stimulation of Isolated ALs Experimental Procedures
For the preparation of ALs, the animals were immobilized on ice and decapitated. The heads were immediately mounted with lowMaterials melting wax, cooled on ice and the ALs were dissected within 30 [␥-32 P]ATP (5000 Ci/mmol) was purchased from NEN Life Science s. Both ALs from an animal were used and incubated separately in Products (Brussels, Belgium). ODQ (1H-[1,2,4]oxadiazolo[4,3-a] (1996) . Signaling from synactivity to less than 5%, proving the specificity of the assay used. apse to nucleus: postsynaptic CREB phosphorylation during multiple forms of hippocampal synaptic plasticity. Neuron 16, 89-101.
